Irradiation damage in the several thickness polyimide films induced by 2.0MeV He ions has been evaluated by Rutherford backscattering (RBS) and Elastic recoil detection (ERDA)methods. Under the room temperature condition,For the samples without annealing, gradual decrease of hydrogen content has been observed as the increase of ion dose. After 5 min. annealing at 100 °C, large amount of hydrogen atoms disappeared suddenly. ThenA small and continuous depletion of hydrogen content was also observed for the annealed film after ion beam irradiation. After 5 min. annealing at 300 °C, slight recover of hydrogen depletion concentration has recovered for the 100 °C annealed film was observedin the case of no ion beam irradiation. Initial depletion rate of hydrogen for annealing and change of hydrogen content for the successive ion beam irradiation was found to be dependent on the film thickness.
Introduction
It is said that irradiation of polymers with energetic ions leads to cleavage of chemical bonds along the ion trajectory and subsequently to creation of various degradation products [1] . It can often be observed that the hydrogen yield in a series of ERDA spectra from these polymers decreases with increasing primary ion dose [2] [3] [4] [5] [6] [7] . In our previous work, it is demonstrated that hydrogen atoms lost in the surface region [7] . This time, I show the results of ion beam irradiation effect on Kapton-H (PMDA-ODA polyimide ) films under the high temperature annealing. Though the Kapton, a popular polyimide, is able to operate in the temperature range as low as -269°C and as high as 400°C [8] , even for the 5 minute annealing with 100°C, a large amount of hydrogen depletion in the film was observed from ERDA analysis. I have also investigated the relationship between the film thickness and the extent of hydrogen depletion for the non-annealed and annealed samples. As far as I know, this is the first report of quantitative analysis of hydrogen depletion for the polyimide films under the condition of high temperature annealing.
Experimental
The experiments were performed in a high-vacuum chamber coupled to a Tandetron accelerator which produces He + ion beams collimated to a 1mm diameter over the range of 0.6-5.1MeV. The chamber contains two SSDs for energy analysis of scattered ions and recoiled particles. The scattering angle for the incident beams to SSD is fixed at 168.8° for RBS analysis and the recoil angle for the incident beams to SSD is fixed at 20° for ERDA analysis.
Other relevant experimental parameters are solid angles of SSDs Ω=2.00msr for RBS and Ω=2.75msr for ERDA, and both SSD resolutions of 15keV. A 6.0μm Al foil was placed in front of one SSD to eliminate the He contribution from the hydrogen signal. The incident angle was set to 80° from surface normal, allowing the simultaneous analyses of ERDA and RBS. The shape of beam spot on the sample was ellipse and size was about 1.0×6.0 mm The computer simulation code I used to estimate the compositional depth profiling of H, O, N, and C from the raw ERDA and RBS spectra is RUMP. In this program, I have adjusted the hydrogen recoil cross section using the table derived by Tirira et. al. [9] 3. Results and Discussion I show the model of the annealing effect and irradiation effect on the Kapton films with different film thicknesses in Figure. 5. This is only my hypotheses. One hypothesis is shown upper side in Fig. 5 . I call it for "Simple interpretation". As the difference is only film thickness for each experiment, over 300°C annealing hydrogen atoms go toward surface area from at least 0.2mm deeper area by diffusion for thick films. In this model, the problem is the possibility of desorption of hydrogen locating in the 0.2mm deeper area for only 100°C annealing. The dis-tance of 0.2mm seems to be huge. Second one is shown lower side in Fig. 5 . In this model, desorption area of hydrogen is quite shallower than 0.2mm depth. The difference is hydrogen diffusion coefficient. At high temperature, hydrogen diffusion coefficient changes to be larger for thick films than it of thin films. Though it is not so realistic, if the hypothesis is correct, the reason where hydrogen appears in the surface region after 300°C annealing for thick Kapton films can be explainable. I did not take into account the change of density with hydrogen loss or possible thermal gradients due to the poor thermal conductivity. As the experimental results are few, I cannot say any comment. I also don't know whether hydrogen loss is homogeneous or not laterally in this system. Anyway, further experiment and discussion must be needed in this system. It is noted that we show the hydrogen concentration as an average value from topmost surface to 0.3µm depth. For the case of 0.2mm thick Kapton film ( at all annealing temperature ), and 0.5mm thick Kapton film and 0.7mm thick Kapton film for less than 200°C annealing, depth profile was uniform. However, depth profile of hydrogen for thick Kapton films after high temperature annealing is not rather than flat. Just inside the film close to the surface ( about 0.1µm deeper from the surface ), hydrogen concentration is less than its of surface area's. This might be also the key to solve the phenomena.
Conclusion
Irradiation damage in the several thickness polyimide films induced by 2.0MeV He ions has been evaluated by Rutherford backscattering (RBS) and Elastic recoil detection (ERDA) methods. Under the room temperature condition, gradual decrease of hydrogen content has been observed as the increase of ion dose. After 5 minute annealing at 100 °C, large amount of hydrogen atoms disappeared suddenly. A small and continuous depletion of hydrogen content was also observed for the annealed film after ion beam irradiation. After 5 minute annealing at 300 °C, slight recover of hydrogen depletion for the 100 °C annealed film was observed for the 0.5mm thick and 0.7mm thick Kapton films. Initial depletion rate of hydro-gen for annealing and change of hydrogen content for the successive ion beam irradiation was found to be dependent on the film thickness. -10- 
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